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PROBLEM TO BE SOLVED: To enable a high reliability 
(life time)of an MIM capacitance element by improving a 
structure of the MIM capacitance element and by 
improving manufacturing process. 
SOLUTION: A lower metal layer 2B is provided on a 
lower interlayer dielectric 1 in an MIM capacitance 
element forming region 2000. This lower metal layer 2B 
is manufactured by the same step as a lower wiring layer 
2A. A dielectric layer 3A and an upper metal layer 4 that 
are patterned using the same mask are provided on the ||| 
lower metal layer 2B. In a film thickness, the upper metal 
layer 4 is formed thinner than the lower metal layer 2B. 
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(57) [Sfi] 

IRS] MIM^ll^iMI, fcct^KitX 

m 1 Mfti^r^®^ 2000 <dtj§ 

5 0 :(OTIMl2 Bfi, TJ§IBIWI2 A£|ig-ie 

tt, T«A*Jl2BJ:9tfllffSAS»<»rilS*LTv^ 
6. 



1000 



2000 



7C 7c 8 7D 7d 




1 : TMRIBIIB 

2A:TJB£$9 

2b:T*£JW 

2a,9a:TINS 
2b.4a.9b I AICul 



7*78,70,70,11 :E&7-f> 
7a l 7b.7c i 7d f lla: 



2c,4b,9c : TlN(±fl)/Ti (TWH 9A,8B,9C : JdiafcH 
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[«FSTit*roi6ffl] 

int*>si] Tm&RBt. »m»@t> ±m&mm 
mmb, fiETH&jsn i-sbi vT*->\s*ftLxm®. 

SiiSJKlEU?* vi. flE±®&JBJlfc!B2 t'T* 
-/i'«r^L-C«K*n«IIS2BI»9-rv4, fJEE&Ji 
KSB 3 fc'T*-/w£tf- LT&l&£*iSSB 3 E»?>r > 

flETS&JBJf li, SdlEffi^Stl^-MitlST-^figS 
*ifc|5]-{fl5tta»e>ft9. /0 
1inESBiEil*?^:fc<i:tfi|flEI&2Ei»7^tt, file 
SBit*r*-/K fiESB2 trr*-/u, *3«fctftfiE$B3 

-«31ia-C»j«*lifcPI-»«*»b46. 

So 

[flt*«2] fiEJ:S&JRIlroj?<*fi, MCTJIM 
[»*JS3] flie««ft«i:, fJE±B&JSBJIi:li, 

B. 

[ii*S4] fife±i&a®tt. fiieKS»gw±«- 
wrthixz>w,i&mmb, «rE»i**Ji<o±k:R»te> 

flESB l &®JI<7)3£BI±. flESB2&JlJi<7>igE<fc'9 fc 

rt«ifc«iii-6j:5»cRite>*ia, is*i i icie©<o* 

[91*5151 flJE±J!&*Jltf>48Ett\ K**- 
zi'lfe&Bilcitjgtoix-c^S. W*>S Ucfetto^*ft: 30 

i-z>wm±m&mm<DTiimm^^x . mmrm^m 
mb mmT mmmmb<D^<Dmmmr^mm\at, trr 

[§1*17] a**»**B«>T*Ktt. JimfelMI 

#Rrt6ft. fiie^»^^^«^i-5fite±i&jsiro 
ft. 

[11*18] aK*»#KB©T*Kr±. SilftllS 
«K#Rtte>ix, 

fiESB i JimiuuioT^ica. * 2 iran&giasRtf 

«HBJIl2JBBH6IMi«>lWe#**^«>T*««»ctt. & 
[IS*«9] I&¥3Jfcgiili, »fttc»4Lfcn#' 
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0] rig&mmb, mm&mb, ±m&& 

m bAW&LX k * BrJtWfcfcRttfeiK* 
EMfc. itflETJf&JgJIlcSSl t*T*-/ufc:frLT& 
«S4x*»lEi»7'f flE±Jf&JSS Kfg2 trr 
*-/u*^Lrg?«$*v5*2Ei»7'f flEE» 
il:$3 ^T*-^&frLT&R£*t5fB3Eift7-1'i' 

tflESBl f7*-yK flESB2 t"T*-/K *3«fctf#JE 
SB3 tfT*-/w#|SJl$fcflM$ftrt:£, flESB3Ei»7 
-f>i |S]-|«gIg-T?fllE$B 1 E&5 * Vfc .fctfUfJESB 

urn, 

[H*«l ll fflE-tJi&JiJf oJl^ti. flET/l& 

mmnmz £*> t>m<&i$.£tiz>. »*«io»cEtt» 

[ft*JS 1 2 ] flES&ftftJI k . flE±«&JS« fc 

1 0 lcEtto^*(t:S|t(0|tii^£ a 
M*5l 3] AtEKftiMli, K&tBSit|gS<75«ia§£ 
»*9l 0fcE*©¥*ft:«1I«>SiB*8.. 

[0 00 1 ] 

[*«oit6af»!f] WMtiKMJ: 

Ot-tCOKif^-felCBaL, ±0#Z6««CI4, Metallnsulat 
or Metal (£1T\ MIMi»t5) 

[0 0 0 2] 

[^^tt^fcit/^W^^Lipi-rs^M] iS 
T^nr/EiSStcioV^ Km*"?****)****- 

f— h^&m^. P I P (Poly Si Insul-ator Poly 

si) mmm^&T-t-a -yisi&izmmzixxzti. l*» 

I»fo*fl:l-J:6*«i«>m£Eft#tt»oW««r*L. 
lM»*4****fcttELTv*fcv\ P I Pig* 
***#L4v^J**«II©KaiafcJt'<» P I PS 

mTmommzfite ozk immxtb^tz, 

[0003] 4#M 2000-22 84 9 7tfi 

«. #IB 2000-101023, iSJlV^S^flP^S 
SB 5, 9 2 6. 3 5 9^S^lcM^$lxSHetal Ins 
ulatorMetal (WT, MIMirl^-ri) gfiifl^tt. Jb 
S^ffifciOSTSmSaSMetalffiig-C-feSfc*. 
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9 m i M£«f^as«ffl * fts J: 5 Kfto r 

[0 0 0 4] L*>U T-rn^mKfcMIMSft*** 
fflV*5»£, MIM»l*f«)iKflt«tt CHI 

&£xfSifex.m<D&w&m%z.k\c&y) > mim 

[0 0 0 5] 

Tm&mt, mmftmts ±.m&mmkt>mmi, 
xftzmms+t. mmmmmvbtiz&mmks ± 

EH7>r><^ ±e±s&JSJIk:SB2 trr*-^*:^ 

^irat^ot, iETi^IIli, ±15EHJI<t 
I^-»iSlST*»*Sn^H--«f|J«-*^ftf?, ±E»l 

[0 0 0 6] ±E¥**RRfcJ:ixtf* 
©*-C±<, TBAJlJl«r»ril-r5fc*^9]xa«rR»t 

/k ±RftMicai;sR2 *T*-/i'*r#j*i-ax 
J3J:ai(Si*5J:tf«2 irrtf-^rtlc* ztiztim 

-/urtc »3E«7>f >*r»rti-sxa-cwi»«c*rii 

[0 0 0 7] ±E«Wfc*5V*T»*L<tt, ±12 40 

JhR&JUl0>J*Stt:. ±i5TJl&J5iJI<aj?£ <fc 0 

m&®mv>%m<r> cMPgiia^ ¥-mtz®% k+ s 
rfc*^riBfcft*. 

[0008] ±E«Wi-*v*r»*u<tt, ±E 
[0 0 0 9] J:E»91fc*3V*"C»* t<tt, ±E 



JBt, ±E*i&JRB^±J-R*t6*v6*2*JlRH^S: 

tu ±ESBi&JRH^«Btt, ±.m%2&mm<oi&m 

J:0fcrt«lc«ilf6J:5teRite>ii6. :^Mia 

[0 0 10] *fc, ±E3MHfc*5V*"C#*L<tt* ±E 
*i/tv*5. r (Otitic J: ttff. d>ft< £t>±R&RH<D 

tcfc^Tfc, TR*RRfcJJI±RRfc©nifc*tt6!> 
- * ©Rjh Sria £ d k » *Tffifc ft So 
[00 11] ±EBWS:a*1-*fc*, 

RR*#ftLTTREi*R#Rtt&*U ±ES*# J PS: 
«^"rs±E±«&JRSwT*««l-*3V^r, ±ETR 
k JiETRE»Ji k <DWo±ERMIftRRfctt* 
ifT*— ^ffftLftv^ £©Rj*fc 
£9, R«ft:JiJcHli!b36Sfei:Swi:*ft<ft6*:a() % R 
«*Ji«*ffia*SRtHtif*5 9i:4 0, Sft^^SS 

[0 0 12] *fc. ±EB«J*r»J*1-5fca, 

Kv^^antiSR^Sbt-ffi^aaB^^v^Ttt, ±e* 

*fl^R<0«Mifc*5^-t\ ±E¥SMM6R*>T*K:«:. 
HKI«6»K3ftSR»te>ix, ±IS^l:^ J f **jft"t*5±E± 
■£RR©T*«*©±ERI«l6RRfctt* «&*>£*■ 
ds#«£Lft^^fc*rW«t1-S. i©*MMcJ:0, E$ 

ft£o 

[0013] *fc % ±mn&)*mf&irz>ti£>, *^^c 

«v^*»*«««>*e>i-tt«>J»iBlcj3V^-Crt:, ±E* 
^ftSg^«dtt-*5^"C, ±E¥»fM£«*>T#fc*4, 
R l RnMaH^Rtf €>*t, ±E» i ^r«1tfe^K^T* 
Kfi, »2R|BH6RHdSR»tbix. ±ESB2lffiffel£ffil 
oiE§if^OT*S«Ctt, ^SEHS^Rttbix 

^*fcttE*Jlo, Sfi|g^^bo»S«:&aEj»@tc 
iOi/-^K-#-5ri:^RfcftO, ^*^^^W"TS 
¥ttftSR^R0ffi«ttoA±*BS - fc FTR^ft 

So 

[0 0 14] ^fc, ±ESW5rit^-TSfcto, *^^(c 

^ -±jf&MJi <t y ^ -t^^mi fc £*rt s y $ 
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Kate-rasa**^ y^MiMtt^) tmm 

[0 0 15] *fc, ±f2ilft£iiJ&-f 5f;:#>, 

BWtWfc, 114IIi#tllt45««f 
R£R*lcRt*bti6E*BJ:, ±ETJI&JBJIK 

±fs±! &JgJlicsg2 ifr*-/u*^LTRR3*i,*R 

2gfilS7^V<t, ±EE»JIfcfB3 tT^/u^LT 

ft*l«r»l*+SXafc, ±E»l*7*-yK ±15* 
2t7^/K *J:tf±B»3 hrr*-yu*s|W»fc»rii 
SftfcH, ±E*3E*^vifl-«Jtxa-C±E* 

[0 0 16] r<0«5g*ife^J:4xtf, S**^***-*- 

*c#R1-5fc«><0, -^^^ (^WHlKxa) £lfti£*D 
RltSfcRtfftV*. 

[0 0 17] TH&RBfc«i:s*i trr*- 

/K ±l^Pl(ci§ tr7*-/W«r»fig-*-5X 
8, *cfctf»l*J:t«B2 fT*-/^^ %ti?ti% 
ifeJ:tflB2 5W ^*r»j*1-6XBfc*vvtfc, tt*^> 
T«E»«t-iii:s*3 trr*-/K *<fctf&3fcr7* 

-vi/rtl£, *3Ej»7>f V*r*rt-t"5Xa-CWIft«c»rt 
[0 0 18] #*L<tt\ ±fE±II&JBJl£>J?$ 

±ETS&«*»*sj:f) t>*<»*sna. 

[0 0 19] *fc, #£L<te, ±EB«Wlfc. ±E 

fcft*. 

[00201 *t % &iL<&. ±KKm»/§i*. m 

£d£ ^ fctf^JBlcft*. 
[00 2 1] 
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[0 0 2 2] (MKOftftl) *jttfcO»«IC*5lt6i|i 

#Baurttwi-6 0 ft*, But, ***©»•£*«■ 

B-e*>0, ■2a>bB6tt« BlO»rK*itl-Lfc*So 
fcHS#fe**r»36xaB"0*>6. 
[0 0 2 3] (Wffi«3g) BlfcWILt, #2I«*>» 
Rlc*tt*#i»fM6Rti:, EttJI»AR«i 00 0^ 
M I MSiXfM** 2 0 0 0 J: Srtt 6, T/lJfPfl 
w feRflti » % EtMSlMra i 0 0 0*J:tfM I M^fl: 
R?»j£tttt2 0 0 O^WRtflcRttMiT^S. TJ§ 
®m&&m 1 tf>M I MSi* : i L M««2 ooo left, 
fcT7#— /H 1 artfcKjR?^ i'l l#RttfeiX"C^ 

So 

[0 0 2 4] EilftJl^AfiHtt iooo oTRRinBRR 
io±lctt, TRERR2A#Rtt&ft"CV*a. rcoT 

!gfl$Jl2 Ate, TiNl2a, AlCuf2b, 
XfT i N/T if2b ft'bKASn*. TBKIftJl 2 A 
<D±#fctt, RIBI6RR8«:^aELr, ±JIffii»19A 
20 dSR(tP,ixrv^ 0 ±REI»)i9At, TlIfi«l2A 
TiNi9a, AlCui9b, *«tt/T i 
N (±«) /T i (T«) l9c^f,«SSn5, 
[0 0 2 5] TRER0 2 A^±IIE«R9 A£tt, 1 
BB«R8©trT*-^7 artJwR(tP>ttfcEi»7>0 
7AlcJ:i)fifttt^«ttS*LT^*. ft*5, TJIEMi 
2AO*ffilCf;J\ P-S i On*>6ft6KttlSJl:R6* 

a«c*t^-cfflv^6n6to-e*>-6. 

[0 0 2 6] MI M£»*^»fifc«« 2 0 0 0 <£>7JIJf 

w ra»R«io±jctt, TJi4t«R2BdSRrte,nTv^ 

5o C<£>TJf&JiJi2 Bfi, T1EH12A^-Ii 
fCi^RJSSntV^fc*, TiNl2a, AlCul 
2 b , *«fctfT i N (±«) /T i (TAB) I2cH 

[0027] Tm&mm2B<D±\a^ mmmm^? 

±B&«R4tasRttb;h/t^3, ±S^JS14 
II AlCu/Ti (I00nm/50nm)|4a, 

*«fctrr i n (±«) /t i (T» ^4 b*>e>«rts 

^ it£o ±l^J1^4^±®ioi:^{8il®, il^I3A(^ 

BB*:aHr\ mm-t?>Tm&mm2 b^i^s 
9<t9t-, p-s i 0Na*feftSE*fRjtR6asRtte> 

[0 0 2 8] ±l^JS!4(D±*|C|i, l^ffeg^8^ 

iE^®9B, 9cit ±E±SE»e9 Abmm^ % 

TiNf9a, AlCuf9b, *«fctfT i N (±«) 
/Ti (T» i9c^«^5, 

[0029] TM&mm 2Bb ±m&t&m 9 b t b 
5(? rai6RR8 0>fcrT*-/u7 brt«cRite>n^E»9>f v 
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4tiiESi9c^ft mmtb&m8<D)*T*-fr7 
[0030] (Kitxig) m^, H2 3&>e>H6a:*fi8u 

■ 2B*r**i-6E»Ji2Sr»*i-6 0 Z<D&mm2k JO 
LTI*> lgl?^^5 OnmOT i N§2 a, gll?£^3 
00nm<DAlCu|2b, ^Ji^f ^3 0nm/ 
2 n mOT i N/T i 1 2 c 5 C T 

iN/Ti|2cOlC, ilfti3A<!rlt, fcfc*. 
tfP-TESO^50nmMt5, 
[0 0 3 1 ] ftlC, M I M^**^(7)±1^M® 4 

Kl^lOOnm^AlCu/Ti (100 
nm/50nm) |4a, *3 <fclWBW£<& 3 0 n m/ 2 
nm(DTiN/Tii4b^«f5o 4*3* ±®&J1 

*4 0RJ«tt* ^4< fct>TR««2B*Rrtr6E 50 

mm 2 <t>rj?£ £ »? »< z.k\z&v) s 
irzmmmmzviw-mt^^'tho m^. mim 

2 o o otc, 0, Br 

[0 0 3 2] We, H3fc#HBLT, u^M5?rv 
*^(CLT, C 1 2^ BCi3£<OS£#*£ffll^-C\ R 

9 0 *tf>&, u^* HR5<0|fc*4:fT4 5. 4*>\ ±JI 

14, ±1&JR14<D§±J1U:«RR£LT, fc£;ttfP 
-TEOSl^50nmailXt)HW^ 

IS) o 

[0 0 3 3] H4*#BaL"C. _Lg&JSg4 0>J: 

maxims. mn#m3A<Dmm%m\'\ *»o, 

i-5EI»«2«)«ffiS:«5 J:5»-, W^SOnmW 
P-S i ON^e>ft5S8tfiSifcl!l6SrJgfiK-r5 0 fcfc, 
&#tK±Bl6<D±{c, SJtRRttflfSrffl^T* 

1 000 ^ MI MS*** 2 0 0 0 <t 40 

tf>*#»«fc, gr^(7>IBP» l 7 a SrW-TS hR 
17fe»J*i-a. **>8L B5«r#ILT, 
hRl 7^v^^:LT, KatB&ikR6feJ:tnBlfUl2 

ooofc*5v*t\ TRERR2 A^j;t/Ti^ii2B 

[0 0 3 4] ftfc, H6*#»LT. Tii«ll 
«>±*±iBlc, lF«l8^«t§ 0 **>8L II IB) 
&&BI8IC, TSE«g2 AKfflCSfcTT*-/^ a, 

TJI4«H2Biciii:5trr*-/u7 b, ±Jf&MJf4 so 
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iciics trT*-/u7 c, 7 d*n»ic»i*u 

/U7a, 7b, 7c, 7 drttC, -ttl^nEtft^^ 
y 7 A t 7B, 7C, 7DfcBH»|£»J*1'3. ^<£>&> 
JIIM6ftR8<D±ffifc: % TiNi9a, AlCuf9 
b, *5<fctfT i N/T i!9 c*r»rtU, Br*«>BM*fc 
^-=ymft5r irlcJ;'?, E»7>f WAfc« 

R-)-&±REIM9 A, E»7>f WBlcRR-J-SJiR 

ifiUJigB, Ei7^y7C, 7Dfc**M-*JLRER 

i9c^Mt5 0 mia^ b 1 

JgjC^ttSM I M******1-6¥W{«S«a*£*-f- 
So 4*5, ±JlE*ftJi9A, ±J§E«Uf 9B*5j:tf±]l 
IBH«9C(4, T^j^k4SE*B^fctob4v\, 
[0 0 3 5] ±E*W*SS««>«a*ttlC*3V^ 
t> R«(f:J|3t4SftRX^¥JI«lfi. RfcRSiBfc 
R*t^2g«igov^n^«jgS:SfflL-tfcra«<off 

ri, t i NR*riijoL"ct>n«iofpffl -aki^wfen 

6o KltRjl:R6*r**UTt>HI*©»**s#b 
[0 0 3 6] *fc, JhR*RR4*3j:trFRftM2B 

oRRRS&LTtt, ±ERl«aa*H!:, Cu (± 

«) /TaN (T«) . Cu (±«) /Ta/TaN 

[0 0 3 7] (flsffl • ft*) EU:* *56*<0»»Ci3»t 

£*£«j£1-5TJ!&EJi2B&, Tli£^l2 AO» 

<t 5 in, ElftJI 2 trTREJMI 2 A <b TJf 2BI: 
#«H-5fctf><D-eX* (^KSffiXg) ^lfeii^P-TS 
<o*-CJ:<, TJI4M*2BSr»*1-6fc*M*Jxa*r 
Rl**#«#4v\ 
[0 0 3 8] *fc, RI8H6RR8IC. T1^JR12B{C 

acsbrr^— ^7 b, ±j|&JSJi4£ffli:5fcrT#— 
^7c, 7d^Mtsia, *3j:^#brr*-/u7 

b, 7c, 7drtfc % tjl?*I«l^^7B, 7C, 
7DSr«fiK1-SXa{-*5V^-Ct, ^TlEil2A 
KlilCSl^r*— A^7 a, ioiU^fT^— /U7 arttC, 

> 7 ASr^-rsxs-erafticjg*-*- a it# 

^TtBliftU, f7*-/U7b, 7c, 7d, 
7-fy7B, 7C, 7D*:JBfiK1-5fe«)lC»Jxa*rR»t 

[0 0 3 9] JJftM4«)in»s i TRA 

*R2BcoR»*J:9 fcR<»R**L8wi:HJ:0, 1 

[0040] inm<omi&2) nmmmz^n 

Hi l«r#H8LTR9!-rSo 4*5. ^7»l s *^ffico^ 
RKijSltd^WWRRoRRtr^i-RRR-CfcQ^ i8 
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[0041] (Sfaisig) m 7 *#m u-r, #sgjswjg 
r±, Si*i3A^, jji*ri 4 - 

*£*<D»»*>fll«tt, R«M«AfcRJ«5±R*>« 

[0 0 4 2] (Ki£X&) B8^&Hl 1 «r#B8 

*5*»rti-S*-ett, ±EH2-CR9iLfc«6l64: 

n«k:LT»rii-ra. 4*3, tin (±w /t i (t 

4H) I2c<7)±tc, Rfl;frR3 A^ftt>f3««#il3 B 

tfP-SiO, P-SiON, P-SiN, £7c:teT a 
0 2 O^^A^tW K») «»5 0nra»*t 
6, 

[0 0 4 3] fclC, H9*r#B8LT, 1/^ h^5£-7 
^^ICLT, *KI*3iy^-ir V h (CI2+BCI3) £ 
ffl^T, ±1411 4 y ^Srff4 5 0 30 

[0 0 4 4] ftlc, (Hi 0Sr#fiBU"C, B4"CKSLfc 
Xg£0«fc, Rl;ftK3B45«i:tfi:l&Jgl4<D± 

tc, ^KKKRftwsrffl^r, emje^««i ooo 

h MI Mg*JR?fl?J&tMfi 20 00i 0>#JMMKki, 

s 0 hKi 7 ^^klt, 

»K3Bi3J:t;iBI»)i2<03iyf-^^SrtT45. -ftfc 
J: 9 * EJMJMtMfi 1 0 0 0 Kfc^T, T1&JB1 2 
B#*rt1-5. 40 
[0 0 4 5] 01 HMMRLT, ^F8l7 

£&£Lfc?£, ±fE^te^^fl|l<D|ii5*3<tt5(l]6»C^: 

[oo46] (f^ffl • am) 

J^fig 1 ¥«ftR|E*s J: *<D£!ig;fr & fc H8*> 
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[0047] ±Mmm<owm 1 tit^ ismft 

K3 B©/<#- ~^£tT4 5&g#4v^c#>, 

g£3 B^7-=^^^^5^yfY> Mc±l 

&J1S4<D^^£ ^£ft4Wctf> (H74>«fctfH9<& 

*,f=pi , ±i&si 4 

AlCu/Ti (100nm/50nm)i4 

a(D«ffi) ds«fd$ix. MiMtMfoy-^fiJti: 

[0 0 4 8] *fc, ±Ejt«©»«lfc*5V^r, SitK 

»ttlc*5Jt6«^Cfc^T«, TiMl2B'<f:J:M 
Jgl 4 £ OHT'Ofift^t C£ d i ttfcl*. 

[0049] (nifio»» 3 ) fttc, mm^mm 3^*3 

bBl 6S:#HaLr»W-t*S« 445, Hl2tt, #5S« 
Bi3HBl6li, Hi 2<&»ffi*fcfcLfcasofc» 
[0 0 5 0] (Erffigig) 0i2«r#BBUr, *Hifctf> 

<d»«b 1 (Dm&tttn i*tim£, mm^mi^^x 

14, ±B&«B4S:*j£i-SA 1 Cu/T i (lOOn 
m/50nm) 14a Oftgffi t T i N (±«) /T i 

(TffiS) 14 b©»Bfc* J H-Ott«i:46J: 
bft-CV^S. Lrt»U *3ll6o?Btti-*5^Ttt, AlC 
u/T i (10 0 nm/5 0 n m) 14a <^ffic5^T i 
N (±«) /Ti (T«) 14 bOffiffi<t «9 t^ffll^g 
iiLTV^6^c«pfR355*>5 Q lfc*ot, T i N (± 
«) /Ti (TW) i4b«Ii:, SWESik^e <bco 
Hfctt:a«»4BA*»rtSttTV^. 445, 
ovarii, **«>»I81 tWI-<0«Jfi*»b46fc«>, 151 

[0 0 5 1] (®!SXS) ftlC, H13^5)B16S:# 

Tlft^i-^o *"f, Hi 3$r#raur, SSMou^ 
^ MR5S:«rt-t*a*-Cfi, ±BH 2 -CRM Lfc«5SX 

[0 0 5 2] HI 4BIU, h^5^r 

^x^jcLT, ±ll4ii40*S:/^-=y^L, ± 

?*ftt£0o *H»o»{6»-*5V^rtt. ±1&JB14 
i\ AlCu/Ti (I00nm/50nm) |4at 

t i n (±<b) /t i (ti) i4b tvmmmmfrb 

tZ&tt*b % A I Cu/T i (1 0 0 nm/5 0 nm) 1 
4 a<7)5Si®aST i N (±«) /T i (Ti) 14 b<Di& 
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te, T i N (±« /T i (TI) l4b<tUlCu 
/Ti (I00nm/50nm) l4a^x y fy 

fcirx.rfigms^y^-yvh (CI 2 

+ BCI3) fc^T^^^frft tL< 
tt, AlCu/Ti (1 

00nm/50nm) 14 a:fcJ:tfT i N (Jhl) /T 
i (TI) H4 b<D^y^^^^n^r>tzWz s A1C 
u/Ti (100nm/50nm)i4a^!)yS? 

[0 0 5 3] ftlC, H 1 5 £#BS tT, RSft^H 3 A 
£ x x y ^y^-e|»*i-s 0 ^^m, Bl6«r#J8L 
t\ ±l&JRl4(D±®4oJ;tfIffi, 81*13 A©« 

Igj?£#j5 0 nmOP-S i ON^fc*5K»Wih 

iStffSrffl^T, EJMSjftW* 1 000^ MI M^a 
*f»)J«*20 0 0 to*Jf««l:, Br^BBPtti 
7a«rtti^ HSU 7&M&irZ> 0 *<D'&, ±E 
USSOj^ffi 1 Odj 5 * £tf ID 6 IC^i-XS^ 

1 icfc »t a *w*3fin*3 j: if%<Dmm*m t mm<D 

tttf, M I M^ftiif^£*$J&1-S±l&Jil4<DA l C 
u/T i (10 0 nm/5 0 n m) 14a <Dffi&tf\ R 

6*n4v^*:», tm&mmicnffi&tDmm mz. b 

1 2^^1 5*>*.ffll 5^H*;fcfc«tf<0»fS) # 

T i N (±1) /T i (Ti) I4b 0>«ffiAS A 1 C u 
/Ti (I0 0nm/5 0nm) i4aO«lJ:H^ 
ffllc£HH-*«i&fcftafcfc, Ti (Ti) I4b^ 

[0055] (ni6ojgft4) jjcid, mm<oMm4\z.& 

t>Bl 9Sr#B8UTKW-f5o ft*5, Hi 711 

mi 8*J«fctfBl 9 fix Bl 7 0>KEflKtfcL;fc#ofc. 

H&*£ £ HS xgu xh z> o 
[0 0 5 6] (Brffiflfit) mi 7Sr#B8LT. *H*£<0 

<O«»3<0«£i:tt:«Lfc»£\ HlfiOJgffi3^*J^-C 
tt, RS*@3Adi, T i N (±1) /T i (TI) £ 

4 b x>^sttrv^o^»UT, 
*3ii6oj&fglc:fc^Tll R*ftJ|3B*s* TJ1&JMI 

2 B^i^S^ £ o\zj»&ittix^&&iM*mir&. 
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±^m<omm 3 <o«ign *tK<z>«js 1 <o#&<om& 

a*T-# ft^»*^«ffl S*tS«3fe*>4 L 
t, #H*<0»!B<0*i6«\ Utt^ffi 2 <d*J6<d»£ 

<B*jSK:o^-Cfi, 3 fcB-©«*d»bft* 

70 [0 0 5 7] (R»I« fcfc, Bl 8»J:t«ll 9* 

#iit, ±E*rt^&fts*»»*ii©§ia**«!:o 

^his^Mtatm ±EB2-c»wufc*ui 
xfitrawcLTJKric-ra. ftfc\ tin (±d /t 

i (Bl) |2c(0ii:, R«#Bt3AJcfti?iJRm(*: 
fci:itfP-SiO, P-S i ON, P-S i N, *fc 

£0 [0 0 5 8] m l 9£r#RgLt\ US?* M^5£ 

*^«Ji4Sr?K*U-Cv^aiJi«S:fiJfflL"C^ 

^£fTft? 0 #3ijfe<o^f§ic:fcv>Tte, ±EHiS<D»ii 

3 0>»'&fclW*f;:, JbM^flin 4 3ftS, AlCu/Ti 

( 1 0 0 n m/ 50nm) |4aiTiN (Jhl) /T 
i (TI) 14 b t«>aJB«5t^e>ft6fc«>, AlCu 
/Ti (100nm/50nm) |4a^8PTiN 
(±«) /T i (TI) 14 bO«BJ:0 t^ii-TSJ: 

pJC^ix^^^SrtTft^o TiN (±ffl) 

5(7 /Ti (TI) l4biUlCu/Ti (lOOnm 
/50nm) H 4 a (Djj&x.y'T'yfl'— h2^*V\ fc 
t^Si^yf^F (CI2+BCI3) Srfflv^T 
^y^^^$rfrft9^\ tKlt 1 

AlCu/Ti (1 0 0 nm/5 Onm) 1 

4 a*5<fctfT i N (±«) /T i (T«) i4b©xy 
^y^SrfTftofc^tC, A 1 C u/T i (lOOnm/ 
50nm) 14 a W$:yyit^7 F^^f ^^J: 
fTft 9o 

[0 0 5 9] B10> Bl 1, *5 J: t/[U 5 *5 cfc 

m 1 7 \z7sk-r%:nM<oMm\zio\i zm i m^*^^ 

Tt>, T i N (±«) /T i (TI) 14 bOJBfitfA 
1 C u/T i (10 0 nm/5 0 n m) |4a 
0 ^^IJC^tb^Sfilit^ftafc^, Ti (TI) 14 

[00 6 0] (ffffl • SbiP:) *^ffi^ffiJC*tt 

5(? «ffi3^*^5*»*»B*J:^<oK5i*fetlsia^ 
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[0061] a tic, ±mni&<D&M 3 {ztt^ mmfc 
M4(D^m^h^ri^^ib mi 7^sxxfmi 9(d 

AlCu/Ti (100nm/50nm) |4 10 

[oo6 2] &it* ±.mmmmms\z^^x, 
ih^6^i^i6it#:r*^v^ic(^ ±m&mm4 trm 

Bm\z&rtz>mmz}o\,^xi*. Tm&mm2Bt±m& 

[oo6 3] c£m<obm5) mm<DBm5\cto 

^5^^*:^g^J:^Og^^fttcoV^T, HI 2 0^ 20 

®2ifrbm2 5&, m2o<Dmmm^Ltztf^tLW; 
[oo64] (^fffi^ig) ei 2 o zmm it, *mm<n 

m&mm4<Dmmz.vj k^^--/h o a^mnbtix 
i km-<oMmfrt>tez>tLtb, m-ztzimmiftft^i 30 

[0 0 6 5] (i^X*M) |2 1^^IU2 5£# 

Bit, _hE^^^^6^^f*:^@^it*ft(cov> 
Tafc^So *1\ 0 2l£#$LT, ffiWOl/^ 
* hflg 5^r^^6 STfi, iJEgl2Ti£^LfcKigX 

[0 0 6 6] &lc, 122 IT, ±15(11 3 Tlfc^ 

tfiS^X^t^tC, U^XhlS^X^tClT, 
C I 2 <bBCi3<t<0?E£#;*£ffl^-t, M*13A > 40 

hl^5<7)|&££tT&9 0 H12 3^#^L 

T, ±l^iS®4(Oi:@^J:^ffl®, ^m&Jl3 AWfljj 
ffi, @ffl-r5SiSg2(OS®$rS9cJ:9l-l&^t L 
T, f:^X.IiP-TEOSll0^50nmMt 

[0 0 6 7] &{C, @24§r#ratT N P-TEOSi 

i o£&mm2&mtti-z$.x*y^s<y?zftte\<\ 
mm#m 3 a*s <tuujf &jsh 4 <om(c p-teos 
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(U2 5£#HSL-C\ iliIl4(OJbI, ^oiit/IM K 

^-;noa^si/\ 7i^o, smi-5ia^S2(7)^® 

Srlg? 6f^50nm(DP-Si ON^b* 

6SWKih^6^^i-6 0 *<Z>SL ±.w,mm<nBM 1 

t^iO, H2 OJc^-r*3HI<ojBIBI-*3»tSMlM« 

Silt?- fc S * 0 

[0 0 6 8] (f^ffl • &± v 

J:*Ut, R»{Wl3AO|fc*i5lc*ftfc±Ji& 
«H4(0«a*sB:»S»Kih[Bl6 fcftLTV^fe*, _L 

AfcJ:t/±S^JRJl4(0«llB^*-f K**-/n 0 a# 

[0069] (3tiso»« 6 ) mmmm e 

B2 7ift^B3 0li, i2 6«iIiaf:^of:|{ 
[0 0 7 0] (^r®^i§) HI 2 6 IT, 

*-/H 0 b ^T^ClT^iftl 3 A^^(/TM$ 

[0 0 7 1 ] (RjSIS) »C(-> B2 7)5>e>H3 0«r# 

7. bR5«r*fiR-r-5*-ett, ilBH2-eRWtfcS!5SX 

[0 0 7 2] ^ic, H 2 8 S:#B8 IT, JilEH 9 T'HW 

(CI2+BCI3) SrfflV^T, ±1 
&JSl4<^^*-~V^£tT/«£?o 

[0 0 7 3] Sctd, 0 2 9^#^LT, ±^^J1^ 4 (7) 
Jiffi^ctt^ffl®, Btti-r5Rmffg3AOSMSrg9 J: 
5lcjft»Ri:UT, fc^tfP-TEOSBlO*»5 
0nmM«o 

[0 0 7 4] ftld, H3 0S:#fi8LT, 
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13 A*5<fcO*P-TEOSlgll 0 *\ KlifiUi 2 ^Sttil" 
7 7v<??frff&V\ ±Jf&JgJl 4 OfflffifCO 
^P-TEOSB^b45W K!>t-/H 0 b &te& 
-f6«> -toft, ±IEHlfi(0»»l^*3tt5EI 4^5)16 
^RWLfc»3gXg*:«ffl1-*:: fcfcilK H26fc^ 

[0 0 7 5] (flsffl • »«) ^Jb, *3I1B^JK«|C*5«- 

RR 5 5 ¥ttfHS*tt J: tr^r«>«3S*jSfe t N«® w 
tttf, ±R£RR4©«EICG>*1M' K**—/n o b 

R4©*R#S&S*l,4V*fc«> (H2 6fcit) { B3 0(D 
AlCu/Ti (I00nm/50nm)l4 

[0076] (mmmm i ) mmmm i k*j 

ItS^aStftKllfeJil^-tWKlg^fetCo^T. 83 1*5 
J;tfH3 2£#fiBL-CKW-t-5p 4*3, B3ilt 

[0 0 7 7] (ffBtttt) HI 3 U#ILT, *£ffi<7) 

mmttmzBtK rm^mm2B(Dmm^m : ?xo\zm 30 

/S£*i/C^Sj&i£fcS„ ±E*J6<z>»R5fc«ktf6 0>« 
mi*. Bt#*3AlcKltRf±i©««Sr*fflSt5i 

*fctt«3»afcov*Ttt, ±E3MSo»R5*3.fctf6 

[0 0 7 8] (R5SX8) ±E»rilA*fetta*» 

"C % ±»LfcH2 7*»e>H2 9t^i-xa»C*5V^-C, R 
tHW3A«r»*t8ftto9fc, T i N (±«) /T i 
(T«) l2c0>±lC, ^mft§l3 B <b LT, EJtKlh 
K^*S6S:tt5t(Z)tLt, fctitfP-SiO, P 
-S i ON, P-SiN, SfcteTa <D 2 19 >9fr* 
**>f KJR) S^5 0nm«n o ^Og, P-T 
EOSllO^ R«««3B**RU+a*tN*y^< 
y^*rfT4V\ ±^^Jl®4 0{SlDi{C(D^P-TEOS 50 
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ild»64ft*-< K**~/n 0 c fcJBrit-ra. *0>R, 
±EHJSo^ffi lfcfctt 5 H 4 ti* 6 tUUB LfcRig 

[0 0 7 9] (flsffl • K±, ***0»RjC*Jlt 

BR 6 *> w 5 Mftgli5 J: * fc#«fc t n««> 

fttf, lllfcoHJReicjBitsiarjWSfcJt^, SJtKib 
R«rfi8l«-r5XgS:4S<"t-Ct3iS-C#Sfc«), KitXg 

[0080] (9tifc«>«R8) ±w.&mn<DBm 

gftaBR l «c»»6*W#Bil«:fflv^fc»^© u-f r 
1-*»#RRfcfcv*Tt>H«T*>6. 

[0 0 8 1 ] B3 3«, %M<D&mi (C*5*t5*»*» 
gSrffl^T, 714:112 B^tttt*jfeJc(i«re>»JPfi^4 
^i^K7> h«ii*:^i-Wfffi«itH'C»>*. TR 
&RR2 BOitTfcti:. TRSfHIfeRRl SrflitLT, 
TiNll2a, AlCuil2b, ftit/Ti N/T 

iJ§ 1 2 c3&^46TJHa*ftll 2*sRjtt,ix, 

mm2Bt rmzmm 1 2 1 TRRmfcRR 1 

(Dt7^7e, 7f, 7 gttlRttfeftfcffill^-f > 
7E, 7F, 7GC«t 9«Ra*VO*6. 
[0 0 8 2] ::t\ gai7^V7E, 7F, 7G#R 

tte>*iS-4:fcJ:!K H3 4<Dit:*»raB»c^i-J:5 
IC, MU 3 A* iffT14II 2 B til, tTT^- 
;U7 e> 7f, 7 g|C»j£LfcBD» (H3 

[0 0 8 3] H3 5«>Brffi«igHtc^-r*|ll6 

©»R»cft»t5*W*RRO^T5r Ucj*itf, Tl 
^Ji®2 BOT^t-fi, IS*l7-rv7F, 7G^riS:tt 

[0 0 8 4] (f^ffl-a*) :OW7n««t6 
R»ftR3A^DDia36S*i:5wfcAS4<* 
R«f|cR3AO«R«#RfHljf«9 &«9, 

[0 0 8 5] (RR0>»R9) ftjc, *Htt^)Jgffi{c*3 
ltS**(M*R«>u-r hlco^Tift^-r^o ±EB 

^^StcftVNT<i. H3 60»B«5g^i-J:5l-, - 
<o*±*«wfflHS:»iB+Sfc«)lc, MINIMIS 
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[0 0 8 6] (ftUfl-Sb*) :©W7nMt5 

[0 0 8 7] (HJfc^lg 1 o ) ^Hi&o^liic 
*6<o?gJB(c*3V>-ctt. ¥Stti:lt'>4<^MlMi 

[0 0 8 8] ftttWfcffltfgi: Ltlt (H 3 7 K^-f X 5 
fc % MlM$S&^£«/£1-5TJi&J@Ul2 B*>iITfc 

rssmmmm 1 «:r«\ s^u:, r^Tiir H ^ii 

1 <0T#fc*3^T, JllBll6»Jil 3Sr^ttLT, &JKE *0 

4S:Rttr^5. &JBE«U§ 1 4 ft, fc£;U*, 
TiNlHa, AlCuiHb, joctt^Ti N/T 
iff 1 4 c^bflMSSti*. £fc, TMIRIIfttHl 

2£TJl&JiJl2B<t#s mfflffe&m l(Of7^;H 
1 a(CRJtbttfcE«»7-f ^1 1 Afc.fc»>ig|*£*bT^ 
So &J8&HU1 1 2 tttll T i Nil 2 a, A 
lCull 2b, jo^OT i N/T ill 2 c^t>* 

[0 0 8 9] (ffffl'M) :owr^htiiSfflt5 ^ 
Cite J: 9, MIMM^fcifiSLTRttfcjftSsTf- 
£fcttEi»/I<^ MIM^a^^bo^»«:^REI8 

[oo9o] (nm<D&m 1 1 ) mz % *%&<w&m\z. 

Lfc**(D*ISilci3^Ttt, JHHJfttftR8 (Bi# 
AS) a¥fifcfcB5fcWc % ±Jf£JgJ§ 4 <7>B£Jip:£ £T 

[0 0 9 1 ] *HlSOJBffijCj3V^rtt, MIM 

^S^^<06^r^$:^^L 3 0 0X 3 0 0 

*yis*.<om&\C 1 0%J^±5 0%WT) , H13 80 

mr^-^j^z o<o_t\c^ ±.m&mmy^-i"< j r2 so 
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S M I M^ftig^ t V ^ — M I M«*** t ##~4K 

gt*5J:5^R*tf>nrt>So 

[0 0 9 2] (flsffl • »*) crcwr* h 

[0 0 9 3] fc*5, ^HIM^Stt/cllteO^HI-^-C 

[0 0 9 4] 

[0 0 9 5] *fc % Tl&Ml^ilCSS&l t*7^- 

S. *5«to t mi^<tt;^2 trr^-^rtt^ 
i*5J:t/»2 7>r^S:JKfiS:i-6xa*c*5^rfc, a*^ 
TiiEj»SJciii:6fB3 trr*-/K *5J:t>'SfS3 t^r* 
-/n*jt^ *3Ei»9>r^S:»«i-sxa-era«Ftc^ 

[0096] tsb\c^ ±m&mm<DmmistK rm&m 

[■B0fl¥*Rn] 

[h i ] m&(D&m i id*3»tsM i M^fi^^^^-r 

fi*ft*r^-r» l 0»5tX8B-e**. 

[i3] in i ^ffi^ittc Lit&<*iz*m»&m<nm 

it^&$r^i-^2^K3txaiHT*fcSo 
[0 4] mi (7)Brffi«iiJc lfc#ofc¥«fMtt*>R 

5S*ife*^-r»3oRigxeB-e*>s 0 

[Hi 5 ] ID 1 (O^rSfilittc Lfc^o 
ig*i£Sr^-r^4(OSjgxaigT*fc5o 
[0 6] mi o^rSflliglc Ufc^ofc^WRR^R 

a*fe«r*i-jB 5 oRaxaBT«>6. 

[1 7 ] Hffi<OJgffi 2 tdfclt I MS«^«r#t 
6*W*i6B«>«a*r*i-|(rBB-C*)S. 
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im 8 ] 12 7 (Dmmm^\c Lfctfofc¥w*M$B<0H 

[891 H 7 ^^fffi^itlc LfcjJJofcfiffgl^JS 

[mi o] ii]7(D^@igig{cLfc^oy u c^^gg(o 

[111! H7©BrB«a^Lfc^ofc^W*»«<o 

»5S*ft**i-iB4(o«axeH"cfc5. 

[HI 2] *ttO»tt3fcfcttaMIM**B*£W 

[Ell 3] 01 2 0KrBB»3tlcUfc3»ofc*W*JS|| 
<D9ti&%m*fFr1rm 1 ©WtxaH-CfcS. 

[en 4] hi 2<ommmmz.Litt*<>iz*mft&m 
2 wjBJtxea-efcs. 

[Hi 5] Hi 2 0NriB*l3BlcL«:^ofc4 & *«M 
o*a*«fe**-r* 3 0KigxaHT*fc£ 0 

[Hi 6] HI 2(0*ffi«5S^Lfc3ftSofc#8H*:«« 
«>«Ut*lfe«:»i-»4 0K3txaH"C*)S. 

[Hi 7] ||«^»»4^it<5MIM***^Sr* 

[018] H l 7 roKEttBK Lfc**ofc***|6B 
w»»*i5feS:^i-» l ©R3SxaB"efc*. 

[hi 9i hi 7<Dmmmm\zLittf<iit*mft$im 
(onm^m^-rm 2 <DRaxaia-ofcs. 

[020] Hffi<0^fi 5 JCfcttSM I Sijt^&W 

[021] H2o <D%xmmm\z Lin#oiz#m»&m 

[02 2] 020 OffBfltiftfc: lt^ofctS(*:gl 
<0»®*ft4:^i-* 2 <0«jtxaH"C*>*. 

[023] H2 ooKaBsai-tfc^o^wwsfia 

*>R«*feS:*-*-* 3 ©MliB-C*)*, 
[02 4] 0 2 OWKBfliaiCLfcjftSofciPWWM 

^R3S*jfeSr^-**»4 0»jgxaH-C«>5. 
[025] 020 C7)»r@«)gtC Lfctfofc*»{«SB 

*>rb#8s**i-» 5 ojaaxaa-cfca, 

[026] 6 fcfctt SM I M^ftiif 

1-5**#RB<o«»a*:*i-WrBHT?*>5. 
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[127] H2 6 0«ffi»a^LfciSofc^3tttSgfl 

<DRa#ft*r^-r» 1 oHsxaH-efc*. 
[H28] H26 (om&mmic Liz#oi±#mimm 

[029] 02 6<D»mmmcLtz&otc*m&mm 

[030] 026 0»r®«aic lfc*ofc*»#« 

[031] %%<omt 7 KfcttSM I M***^**- 
70 i-S**#*BO«a*:*i-»rBB-C*6. 
. [03 2] 0 3 i©iiSiii:Lt^ofc*»#« 
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